Multiple myeloma is one of the more common haematopoietic malignancies, accounting for 20% of all haematopoietic malignancies, but only 1% of all malignancies in England and Wales in 1982. Its reported incidence has been increasing rapidly in most parts of the world (Cuzick et al., 1983) and attempts have been made to determine to what extent these changes reflect more complete ascertainment or increases in the true incidence of disease (Linos et al., 1981; Velez et al., 1982; Turesson et al., 1984) . Little is known about the aetiology of myeloma. Several reports have indicated an increased risk associated with farming and agriculture (Milham, 1971; Burmeister et al., 1983; Gallagher et al., 1983; Pearce et al., 1986) . Radiation has also been linked to myeloma (Ichimaru et al., 1982; Cuzick, 1981) , but this is unlikely to explain very many cases in the general population because of low exposure levels. Various chemicals have been suggested as increasing the risk of myeloma, including asbestos, arsenic, cutting oils, heavy metals, petrochemicals, and materials associated with plastics and rubber manufacture, but none of these observations is secure (see Blattner, 1982 , for a review). Increased risks in leather workers (Dorken & Vollmer, 1968; Decoufle et al., 1977) and woodworkers (Brinton et al., 1976; Milham, 1976) have also been reported. Failure of immune regulation is postulated to be important in myeloma, possibly resulting from the effects of chronic antigenic stimulation. It has also been suggested that certain drugs and chemicals known to increase the risk of other non-Hodgkins lymphomas might be relevant to the aetiology of myeloma (see Greene, 1982 , for a review).
Faced with this wide range of possible causative agents for a disease with few known causes but increasing reported frequency, we have undertaken a broadly based exploratory case-control study.
Methods
Cases and controls were obtained from six different parts of England and Wales between May 1978 and December 1984. Cases were identified at major referral centres in these areas and the diagnostic criteria were the same as for the then current Medical Research Council's therapeutic trial, namely at least two of the following:
(i) Plasma-cell infiltration in marrow smears or sections.
(ii) Definite osteolytic lesions in skeletal X-rays.
(iii) Monoclonal immunoglobulin in serum or urine. Two controls were sought for each case matched for age (±3 years) and sex. One control was selected from the general surgical and medical wards of the same hospital as the case, excluding patients with other cancers and other long standing medical conditions (Hospital Control). A second control was selected at random from the same general practitioner as the case (GP control). The recruitment of GP controls proved unwieldly in London and was abandoned there. The distribution of cases and controls in the different areas is detailed in Table I .
After obtaining consent, the interviewer administered a detailed questionnaire which required 45-60min to complete and obtained a small blood sample. Details of previous medical history were confirmed from medical records where possible.
As very little is known about the aetiology of this disease, the questionnaire was far ranging and probed into previous occupations, chemical and radiation exposures, prior diseases, immunizations, family history, chronic infections and defects in immune regulation.
Statistical methods
The main methods of analysis were matched and unmatched logistic regression (Breslow & Day, 1981) . The results were usually quite similar and the results reported here are based on a matched analysis unless otherwise stated. All significance levels are based on two-sided tests.
Results
A total of 409 cases were interviewed, 399 matched casehospital control pairs and 260 matched case-GP controls were available for analysis. No important differences were found between the analysis of case-hospital control pairs and case-GP control pairs, although the latter were often less significant because of the reduced sample size, even when the relative risk estimates were similar. The age at diagnosis and sex distribution of the cases matched to hospital controls are given in Table II and the broad diagnostic categories of the hospital controls are shown in Table III .
No differences could be found between cases and controls in terms of marital status (Table IV) or social class (Table  V) . Other social class indicators -age at leaving school and type of present accommodation -were also very similar (data not shown).
Risk according to employment of one year or greater duration in specific industries is shown in Table VI . There is a clear excess in the food processing/agricultural industries (relative risk= 1.8, P=0.002). Marginal and generally nonsignificant excesses are observed in the chemical industry (P= 0.03) and amongst individuals involved in asbestos insulation, photography, petroleum and painting.
The type of occupation within agriculture/food processing (Table IX) . Although the numbers were small the excess appears only in those treated for previous malignancies. Of the 10 irradiated cases, 8 had their first radiotherapy at least ten years before diagnosis of myeloma compared to 1 of 2 controls. No important differences could be found in the separate number of X-rays received either overall or to specific parts of the body (Table X) .
No significant differences between cases and controls could be found in terms of immunization history as measured by recall of immunizations other than those received in HM services (Table XI) or by the number of individuals posted to tropical, subtropical or European stations while in the services (Table XII) . Further analyses allowing for the number of postings of each individual also showed no differences.
Common childhood viral illnesses were also similar between cases and controls with the exception of shingles and infectious mononucleosis above the age of 20 years (Table XIII) . Occurrences of these diseases were ignored if they occurred in the year before diagnosis but there was some evidence that shingles (herpes zoster) heralded the development of myeloma several years before diagnosis (Table XIV) . Because of small numbers, the situation is less clear for infectious mononucleosis as 6 out of 9 cases occurred at ages greater than 20 years, but only 2 of these occurred within 10 years of diagnosis.
Cases had fewer tonsillectomy operations than controls above the age of 10 (P=0.01), but differences were found before the age of 10 (Table XV) . A number of diseases thought possibly to be associated with immune function including diabetes mellitus, malaria, peptic ulcer, psoriasis, rheumatoid arthritis, rheumatic fever, thyroiditis, and tuberculosis were recorded but none showed any relationship with myeloma.
A history of asthma, eczema, or allergies was also obtained for subjects and their first degree relatives (Table  XVI) . No significant differences were found either in well- Also no significant difference was found in the occurrence of a blood transfusion before the current illness (16% in cases vs. 20% in hospital controls).
Discussion
The most clear cut finding in this study was an approximately twofold risk of multiple myeloma amongst individuals working in agriculture and food processing. This confirms observations related to farming and agriculture based on death certificates by Milham (1971) in Washington, and Burmeister et al. (1983) in Iowa and two previous smaller ease control studies in British Columbia (Gallagher et al., 1983) and New Zealand (Pearce et al., 1986) . Analysis of death certificates in England and Wales has not shown an excess of multiple myeloma in this group of occupations, but it is of interest that an excess of lymphoma and myeloma combined in farmers, farm managers and market gardeners and an excess of anaemia in food processors has been observed (Registrar General, 1978) . A non-significant excess of myeloma in the food industry reported earlier (Adelstein, 1972) was not apparent in the more recent report. The risk appeared similar in farming/agriculture and food processing and could not be attributed solely to those exposed to animals or meat. Thus neither the use of pesticides for farming nor exposure to some virus or antigen associated with meat alone can explain these observations. To account for these data either some other common exposure is needed, multiple factors must be entertained, or the excess in some subgroup(s) must be attributed to chance.
Exposure to chemicals was also significantly associated with risk when cases were compared to hospital controls. However no individual chemicals or groups of chemicals appeared to be specifically implicated, and excess risks were not found amongst individuals exposed to metals or metal dust, resin or glues, solvents, dyes or paints, or oil. Some suggestion of a relationship with asbestos exposure was seen but it was only significant when hospital controls were used.
There were too few exposures to radiotherapy or occupational radiation to be able to discount moderate risks, but it is clear that these exposures were too rare to account for very many cases of myeloma. The excess of cases irradiated for malignant conditions more than 10 years before diagnosis (3 of which were for cervix cancer), parallels the excess seen after 10 years in a large international study of patients irradiated for cervix cancer (Day & Boice, 1983 , summary chapter). There was no indication that diagnostic X-rays had any effect on the development of myeloma.
Answers to a wide range of questions probing into chronic antigenic stimulation and defective immune response were generally negative and suggests that further research in this area will have to concentrate on more specific features based on prospective biochemical measurements. The finding of an excess of shingles in the 10 years before the diagnosis of myeloma is more likely to be due to an early preclinical manifestation of myeloma rather than a cause of it. The deficit of tonsillectomies above the age of 10 in the myeloma patients is more difficult to explain and needs to be confirmed in further studies.
In this study two groups of controls were obtainedhospital controls and GP controls. All interviews were conducted in private and the same interviewer always questioned each member of a matched case-control triple. There was some evidence that GP controls reported higher levels of immunizations, childhood illnesses, asthma and allergies than hospital controls, but these were marginal and would not modify our conclusions. The similarity of the results when comparing cases to either control groups is reassuring with regard to possible selection and recall bias.
